Prostate cancer is the second leading cause of cancer deaths in the United States and remains a significant health concern for men throughout the world. Despite the discovery of promising immunotherapeutic strategies, curative outcomes remain elusive. We have investigated eosinophils as potential anti-cancer effector cells, and have reported the ability of their toxic granular proteins (MBP, EPO, ECP, EDN) to inhibit prostate tumor cell growth in vitro. This study investigates the effect of eosinophil MBP extract on the expression of oncogenes p53, bcl-xl, bax, and c-myc, which modulate tumor growth, proliferation, and apoptosis. Briefly, granular proteins were differentially extracted from GRC.014.22 and GRC.014.24, eosinophilic cell lines established in our laboratory from a patient with moderate asthma. Protein extracts were fractionated on Sephadex G-50 columns, and prostate tumor cell lines DU-145, LNCaP, PC-3, and HPC8L (established in our laboratory from a tumor resected from an African American patient) were treated with MBP extracts from the pooled third peaks. Colony formation and monolayer cell growth inhibition assays were used to evaluate the protein's growth inhibitory activity against prostate tumor cells; and gene expression analyses, to determine p53, bcl-xl, bax, and c-myc oncogene expression. We show that the granular proteins were potent in their action on HPC8L, inhibiting colony formation in a dose-dependent manner. Treated prostate tumor cell lines trended toward apoptosis-induction, as evident in bcl-xl/bax ratios < 1, increased p53 expression, and up or downregulation of c-myc. These preliminary results demonstrate the growth inhibitory potential of eosinophil granular * Corresponding author.
Introduction
Prostate cancer is a major public health problem worldwide [1] , with estimates of 29,000 deaths per year in the United States [2] , and rising incidence and death rates in India, China, and South America [3] . Despite modest improvements in overall survival with outpatient delivered dendritic cell-based immunotherapy [2] , there remains very few treatment options for the advanced stage disease. The unrelenting growth of hormone refractory, chemoresistant, and/or radioresistant advanced stage and metastatic prostate cancer is a tremendous challenge for both research investigators and clinicians. There are increasing attempts at the development of more effective therapeutic strategies [4] [5] ; however, many, if not all, are associated with side effects resulting in long-term complications, which adversely affect quality of life [5] [6] . The failures of most immunotherapeutic approaches in the past have been due to: a) lack of prostate tumor specific antigens which resulted in high levels of nonspecific immunity; and b) weakly immunogenic tumor specific antigens which elicited less than adequate immune responses [7] . Only moderate success has been achieved with the use of cytokines: high-dose IL-2, IFN-α and IFN-γ showed minimal activity against advanced prostate cancer, and objective PSA responses were accomplished only in a small percentage of patients subjected to systemic infusions of GM-CSF as monotherapy [8] . Studies have also shown that, regardless of disease state, the loading of autologous and allogeneic antigens by dendritic cells (DC) and antigen-presenting cells (APC) have elicited immune responses against prostate cancer-associated antigens; however, the majority of prostate cancer patients, including those with survival benefit and slower disease progression, succumb to the disease [2] . Alternative therapeutic strategies have included anti-prostate cancer DNA vaccines [9] [10]; however, these vaccines have been unable to elicit strong clinical immune responses [2] . Recently, promising approaches to prostate cancer therapy have pioneered the use of monoclonal IgGs and chimeric antigen receptor-modified T cells to target prostate lineage-unique protein (PLUP) antigens, prostate stemcell antigen (PSCA) and prostate cancer-specific membrane antigen (PSMA) [11] . Vigorous studies on anti-androgens are also underway and have been shown to improve metastatic prostate cancer survival, as well as enhance infiltrates of prostate cancer immune effector-cells [12] .
The eosinophil has emerged as a potent multi-functional, anti-cancer immune effector cell, with immunoregulatory, cytostatic and cytotoxic capabilities. Eosinophil infiltration has been detected in pathological preparations of tumor tissues of various tumor types [13] - [15] ; and, its crystalloids, at prostate tissue sites [16] . Moreover, improved prognosis has been associated with tumor-associated tissue eosinophilia (TATE) or eosinophil degranulation in many solid tumors-including prostate cancer [17] . In the tumor microenvironment, eosinophil degranulation and the resultant antitumor cytotoxic responses are suggested by the observation of cationic granular proteins, major basic protein (MBP), eosinophil cationic protein (ECP), eosinophil derived-neurotoxin (EDN), and eosinophil peroxidase (EPO) [17] . These proteins mediate their toxic effects on tumor cells via destruction and dysfunction of surrounding cells [18] . Despite investigations into the eosinophil's anti-tumor mechanisms, its effect on genes associated with tumor growth, proliferation, and apoptosis has not been well-defined. In the present preliminary study, we examine the effect of eosinophil granular protein, MBP, on the expression of oncogenes p53, bcl-xl, bax, and c-myc in prostate tumor cell lines. These genes are over expressed in prostate cancer and help to induce and maintain continued proliferation, potentiation to metastasis, and resistance to all forms of radiotherapy. Over expression of p53, EGFR, and her2/neu was demonstrated in metastatic hormone-refractory prostate cancer and were suggested as more suitable for therapeutic strategies [19] . Concato et al. and their retrospective immunohistochemical analyses of 1313 patient samples revealed increased presence of bcl-2 and p53 and found these expressions to be associated with an increased long-term risk for death from prostate cancer [20] . Clinical studies by Scherr et al. evaluating the expression of p53 and bcl-2 relative to treatment outcomes suggested that bcl-2 and p53 presence in pretreatment specimens might predict response to radiotherapy; and Pollack et al. concluded that abnormal expression of bcl-2 and bax were associated with resistance to radiotherapy [21] [22] . Bcl-2 confers a survival advantage to cells with its anti-apoptotic properties; its over expression underlies the aggressive behavior of prostate cancer cells, and it has been shown to induce resistance in vivo to androgen depletion therapy. Bax on the other hand is proapoptotic and reduced or no expression would complement bcl-2 overexpression and lead to resistance [23] - [26] . C-Myc is an early response gene that plays a critical role in cell cycle progression from G1 to S [27] [28] . It is also active in G2/M transition and is thus important in the complete regulation of the cell cycle [29] . The deregulation of c-myc in human cancers is well documented, and this gene is known to be amplified in some prostate cancers, including the hormone refractory type [30] - [32] .
Given the eosinophil's anti-cancer properties and the emergence of oncogenes or molecular markers of cell cycle growth and apoptosis as more suitable prognosticators and targets for prostate cancer treatment strategies, we have elected to isolate eosinophil MBP extract from immortalized eosinophil cell cultures in order to study the granular protein's effect on the expression of pro-apoptotic genes p53 and bax, anti-apoptotic gene bcl-xl, and cell proliferation index c-myc in monolayer cultures of DU-145, LNCaP, PC-3, and the newly established HPC8L human prostate tumor cell line.
Materials and Methods

Cell Lines
Eosinophilic Cell Lines
The eosinophilic cell lines, GRC.014.22 and GRC.014.24, were established in our laboratory and their isolation previously described [33] . Briefly, peripheral blood leukocytes from an eosinophilic asthmatic individual were fractionated on a metrizamide density gradient, and hypo-dense (M 22 ) and normo-dense (M 24 ) eosinophilic fractions transformed with Epstein-Barr virus.
Prostate Tumor Cell Lines
Prostate tumor cell lines PC-3, DU-145, and LNCaP were purchased from American Type Culture Collection (ATCC), Manassas, VA. The HPC8L prostate tumor cell line was established in our laboratory from tissue specimens of an excised tumor resected from an African American patient, and was partially characterized using prostate cancer cell markers, the motility marker vimentin, and cytokeratins, to determine the cellular nature of the cell line.
Isolation of Eosinophil MBP Extract
Eosinophil granules were isolated from eosinophilic cell lines GRC.014.22 and GRC.014.24 using a modified procedure of Durack et al. and Slifman et al. [34] [35] . Briefly, eosinophilic cells were washed with 0.34 M sucrose then lysed in sucrose-heparinated solution (0.34 M sucrose solution with 250 units/ml heparin). After removal of cellular debris by centrifugation at 1000 -1500 g, granules were pelleted at 20,000 -25,000 g for 20 minutes, then washed with ice cold PBS. Granular pellets were pooled and granular proteins isolated by repeat dissolution in 0.01 N HCL, collecting and storing 21 individual fractions. Extracts were concentrated using amicon R filtration, fractionated on a 1.2 × 47 cm Sephadex G-50 column, and quantified using BioRad Experion Protein Quantitation Kit R (BioRad, CA). Fractions from the third peaks (shown by Ohnuki et al. to contain the 14 kDa Major Basic Protein [36] ) were pooled, stabilized by reduction and alkylation of sulfhydryl groups, and resolved by SDS-PAGE using Ready Gel precast gels (BioRad), 15% Tris-HCL.
Prostate Tumor Growth Inhibition by Eosinophil MBP Extract
Colony Formation Inhibition Assay
HPC8L tumor cells were seeded in 6-well tissue culture plates (100 cells/well) and incubated overnight at 37˚C, 5% CO 2 and 95% air humidified conditions. On day 2, the cells were treated with eosinophil MBP extract at varying concentrations (1000 -25,000 ng/ml). The plates were then incubated for 10 days. At the end of the incu-bation period, the media were removed, the wells washed with PBS, the colonies stained with hematoxylin and eosin (H & E), and then counted manually. Percent inhibition of colony formation was calculated using the following equation.
Average no. of colonies control Average no. of colonies test 100 % Inhibiton of colony formation Average no. of colonies control
Monolayer Growth Assay HPC8L, PC-3, DU-145 and LNCaP tumor cells were seeded into 6-well culture plates at 3 × 10 5 cells/well. The plates were incubated for 24 hrs at 37˚C in an atmosphere of 5% CO 2 and 95% air. The media were removed at the end of the incubation. Subconfluent cultures were treated with single doses of eosinophil MBP extract (1000 ng/ml) for 24 -72 hrs (the time at which control wells [media alone] became confluent). The cells were subsequently harvested, RNA extracted, and probed for p53, bcl-xl, bax and c-myc oncogene expression using RT-PCR.
Gene Expression Analysis in Extract-Treated Prostate Tumor Cultures
Total RNA was extracted from treated monolayer culture, purified using a Purescript R RNA Purification Kit (Gentra Systems, Minneapolis, MN), and relative gene expression of p53, bcl-xl, bax, and c-myc determined using the iQ5 Real-Time PCR Systems (BioRad, Hercules, CA). Briefly, 1 µg total RNA was reverse transcribed into cDNA using iScript cDNA Synthesis Kit R (BioRad, Hercules, CA.) in a total volume of 20 µl. TaqMan Gene Expression RT-PCR kit R was used to analyze oncogene expression (GAPDH was used as the control gene). A 25 μl reaction mix [2× TaqMan universal PCR master mix (12.5 μl), 20× target primer/probes (1.25 μl), and RNAse free water (10.25 μl)] was kept for 2 min at 50˚C, 10 min at 95˚C, and then subjected to 40 cycles (15 min at 95˚C for melting step and 1 min at 60˚C for annealing step). The assay was performed using the BioRad IQ5 Multicolor Real-Time PCR Detection System and the data analyzed using the IQ5 Optical System Software.
Statistical Analysis
All assays listed above in this study were run in duplicates in at least two separate independent sets of experiments performed during the course of the study. Data were presented as mean ± standard error. The differences among different groups of treatments were analyzed using one-way analysis of variance (ANOVA), with statistical significance measured by Student's t-test. 
Results
Characterization of HPC8L Cell Line
Electrophoretic Analysis of Granular Protein Extracts
SDS-PAGE analysis of 21 HCl extractions from eosinophil granules revealed molecular weight bands for MBP, EPO, ECP, EDN, and granzyme B. 5 /ml (200 µl) were prepared and fixed with methanol. Cytospin slides of DU-145 prostate tumor cells were similarly prepared and used as positive controls. The slides were then stained for various prostate markers (AR, PSA, EMA, Vimentin and Cytokeratin 8), using the following primary antibodies: mouse anti-human androgen receptor Ab-1 (Neomarkers, Fremont, CA); rabbit anti-human prostate specific antigen; mouse anti-human epithelial antigen; mouse anti-vimentin, V9; and mouse anti-human cytokeratin 8 (Dako Corporation, Carpinteria, CA). HPC8L vimentin and cytokeratin 8, and DU-145 cytokeratin 8 were stained with texas red-conjugated goat anti-mouse antibody (Abcam, Cambridge, MA). PSA was stained using fluorescein-conjugated goat anti-rabbit antibody; and HPC8L markers AR, EMA, and DU-145 AR, EMA and vimentin stained using fluorescein-conjugated rat anti-mouse secondary antibody (BD Pharmingen, San Diego, CA). Photomicrographs were captured at 20× magnification using an Olympus 1 × 71 fluorescent microscope with DP70 camera system. 
Effect of MBP Extract on HPC8L Prostate Tumor Colony Formation
As shown in Figures 4(A) and Figures 4(B) , MBP granular extract was effective in inhibiting HPC8L tumor cell colony formation. The granular extract at a concentration of 25,000 ng/ml produced 24% colony growth inhibition. The extract significantly inhibited HPC8L colony formation in a dose-dependent manner. Extract on p53, bcl-xl, bax, and c-myc Expression in DU145, LNCaP, PC-3 and HPC8L Prostate Tumor Cell Lines
Effect of MBP
When monolayer cultures of prostate cells were examined for onogene expression, MBP extract upregulated the expression of p53 at 48 hrs in LNCaP (Figure 5(A) ); bcl-xl at 24 hrs in HPC8L (Figure 5(B) ); bax at 24 hrs in HPC8L, and at 24 and 48 hrs in LNCaP (Figure 5(C) ). C-myc was minimally affected by treatment, except at 48 hrs when it was significantly upregulated in LNCaP and significantly downregulated in HPC8L ( Figure  5(D) ). At early treatment time points, MBP treatment resulted in bcl-xl/bax ratios < 1 in LNCaP, and at 24 and 48 hrs for DU-145 and HPC8L, respectively. P53 expression was upregulated in DU-145, LNCaP, and HPC8L, and at 72 hrs, c-myc was significantly reduced in HPC8L. This data strongly suggest apoptosis-like induction. Fold changes greater than or equal to two were considered significant.
Discussion
Prostate cancer remains one of the most commonly diagnosed malignancies and a continuous health concern globally. Current therapies offer limited efficacy to patients, particularly in advanced disease, which if unchecked, eventually becomes metastatic and incurable [4] [5]. The development of prostate cancer involves complex me- HPC8L cells were seeded into 6-well culture plates at 100 cells/well and incubated overnight at 37C, 5% CO 2 , 95% air, humidified conditions. At 24 hrs, the cells were treated with protein extract (1000 -25,000 ng/ml). The plates were further incubated for 10 days, harvested, fixed and stained with hematoxalin and eosin, then counted manually. chanisms, and molecular studies examining mechanisms of prostate tumor growth, proliferation, and apoptosis are important for the identification of new therapeutic strategies.
In this study, we described for the first time a new prostate tumor cell line, HPC8L. This cell line consisted of poorly differentiated prostate carcinoma cells that stained positive for androgen receptor, prostate specific antigen, epithelial membrane antigen, and vimentin. The cell line was established from an excised fresh tumor resected from an African American patient and the use of this specimen was approved by the Howard University Institutional Review Board. This cell line grew prolifically in cell culture, but slowly in flanks of nude mice. The slow growth in nude mice suggested that its in vivo growth might require supplementation with testosterone or 5-dihydrotestosterone injection, just as the human breast cancer cell line, MCF-7, requires 17-β-estradiol implantation to support its growth in flanks of female nude mice. HPC8L, along with androgen-dependent LNCaP, androgen-independent PC-3, and DU-145 prostate tumor cell lines, were used to investigate the effect of eosinophil granular MBP extract on the expression of a panel of oncogenes (p53, bcl-xl, bax and c-myc), which play a significant role in cancer growth and apoptosis. The overexpression of these oncogenes has been shown to induce and maintain proliferation, as well as promote metastasis and resistance to radiotherapy. The tumor suppressor gene, p53, is considered the "guardian of the genome" under normal conditions of cell growth. Under stress conditions of DNA assault by oncogenes, drug-induced and radiation-induced DNA damage p53 expression is upregulated, and functions to either induce cell cycle arrest to allow for DNA repair, or directs the cell to undergo programmed cell death or apoptosis [37] . The bcl-2 family of proteins is also involved in regulating apoptosis. This family of genes comprises a subset that is anti-apoptotic (e.g., bcl-xl) and a set that is proapoptotic (e.g., bax). The ratio of expression of bcl-xl to bax is significant in determining pro-or anti-apoptosis [38] [39] . Bcl-xl/bax ratio > 1 is predictive of anti-apoptosis and, therefore, cell survival, while ratios < 1 are predictive of apoptosis and cell death [39] [40] . C-myc is the cell proliferation index that plays a critical role in the progression and regulation of the cell cycle [27] - [29] .
MBP extract was isolated from eosinophilic cell lines previously established in our laboratory. We have used studies confirming MBP's presence in the third peaks of fractionated eosinophil granular extracts [36] as the basis for speculating that the protein in our pooled third peak fractions is our characteristic protein of interest, MBP. At early treatment times, MBP extract treatment resulted in bcl-xl/bax ratios < 1 in LNCaP, and DU-145 and HPC8L at 24 and 48 hrs, respectively. P53 expression was upregulated in all prostate tumor lines at early treatment times, while at 72 hrs, c-myc was markedly reduced in HPC8L-all indicative of apoptosis induction. C-myc was over expressed in LNCaP and DU-145. Our results have been affirmed in a number of studies that have shown apoptosis-induction with both increased and decreased c-myc levels [41] - [43] . The over expression of c-myc, particularly in LNCaP and DU 145, and the related overexpression of bax observed in this study, have also been previously reported [44] . These observations beg additional studies to further elucidate the effect of MBP on genes that modulate prostate tumor cell growth.
In addition to modulating oncogene expression, we also examined the growth inhibitory effect of eosinophilic MBP extract on the newly established prostate tumor cell line, HPC8L. MBP extract significantly inhibited HPC8L tumor cell colony formation in a dose-dependent manner-with 24% colony growth inhibition at 25,000 ng/ml. Previous reports have also confirmed toxicity of eosinophil granular proteins towards tumor cells [45] [46] , as well as the ability of eosinophils to retard tumor cell growth and clonogenic potential in eosinophil: tumor cell monolayer co-culture experiments [7] [47] . In addition, our previous studies have demonstrated significant inhibition of PC-3 and DU-145 tumor cell colony formation upon treatment of monolayer cultures with eosinophil conditioned media (supernatants) [7] . Similar growth inhibitory effects were also evident in monolayer cultures of MCF-7 breast cancer cell line treated with eosinophil supernatants [47] . Thus, the inhibitory effects of eosinophil supernatants are, therefore, not tumor-tissue or cancer cell-line specific. Equally important, are our previous studies indicating the release of MBP-one of the eosinophil's artillery of degranulation products-into culture media, and its putative role inhibiting tumor cell growth [7] [47] . MBP and cytokines, such as tumor necrosis factor alpha (TNF-α) and interleukin (IL)-2, -4, -5 and -6, are found in cell-free supernatants of eosinophil cultures. These proteins are produced and released into the supernatants by secondary granules, which are characteristic of eosinophils. MBP is present in the prominent crystalloid core, along with cytokines IL-2, IL-4, and GM-CSF, while the other secondary granular proteins, ECP, EPO and EDN are found in the matrix, along with TNF-α and IL-6 [48] . To the best of our knowledge, the inhibitory effects of our MBP extract on monolayer cultures of these prostate tumor cell lines are a new observation.
In summary, these preliminary results suggest, for the first time, that eosinophil granular MBP extract modulates oncogene expression and induces apoptosis in prostate tumor cells-as indicated by bcl-xl/bax ratios < 1, increased p53 expression, and up or downregulation of c-myc. The precise mechanisms underlying our observations are currently unknown, and further studies are necessary to explore the nature of this modulation. Future studies will include western blots and apoptosis-studies to confirm, respectively, the presence of MBP-the specific protein of interest in our study-and apoptotic cell death in MBP-treated prostate tumor cells. Given that the ratios of oncogene expression are predictive of response to cancer therapeutic agents and radiotherapy, and that apoptosis induction is a key indicator of an anti-cancer drug's effectiveness, our preliminary findings beg complimentary studies to further investigate the anti-tumor capabilities of eosinophils and their granular constituents, as well as their potential application in prostate cancer immunotherapy.
